£==>£&> 



Kin. 




om o 




ailan 




ts- EDICT OF GOVERNMENT « 






In order to promote public education and public safety, equal 
justice for all, a better informed citizenry, the rule of law, 
world trade and world peace, this legal document is hereby 
made available on a noncommercial basis, as it is the right of 
all humans to know and speak the laws that govern them. 






TIS 1291-2545 (2002) (English) 
Uninterruptible power systems 



$Bk 



..■ 

1 1 HI 



-«* 




miimiiiiliiiiiiMiiiiliL 



BLANK PAGE 




<*i *3f», 




*?W!& 



PROTECTED BY COPYRIGHT 



Unofficial Translation 

In the event of any doubt or misunderstanding arising from this translation, the standard in Thai will be held to be authoritative 

Notification of the Ministry of Industry 

(No.3049) B.E.2545(2002) 

issued under the Industrial Product Standards Act B.E.251 1(1968) 

Subject: Amending to Thai Industrial Standard for 

Uninterruptible Power Systems (Amendment No.1) 



Whereas it is deemed expedient appropriate to revise the Thai Industrial 
Standard for Uninterruptible Power Systems (TIS 1291-2538). 

By virtue of Section 15 of the Industrial Product Standards Act B.E.251 1 
(1968), the Minister of Industry hereby issues a notification amending the Thai Industrial 
Standard for Uninterruptible Power Systems (TIS 1291-2538) which is attached to the 
Notification of Ministry of Industry No.2062, dated 8 September, B.E.2538(1995) as follows: 

1. The number of the standard is amended from "TIS 1291-2538" to "TIS 
1291-2545." 

2. The statement in clause 1.2 is withdrawn and replaced with the following 
statement: 

"1.2 This standard covers single phase uninterruptible power systems of 
output power not exceeding 20 kVA per single UPS unit and three 
phase uninterruptible power systems of output power not exceeding 
75 kVA per single UPS unit." 

Such ministerial notification shall come into force upon their publication in the Government 
Gazette. 



Given on 30 April B.E.2545 (2002) 
Minister of Industry 



Published in the Government Gazette Vol.119, Special Part 98 ngor., dated 10 October, B.E.2545 (2002) 
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TIS 1291-2538 
THAI INDUSTRIAL STANDARD 

FOR 

UNINTERRUPTIBLE POWER SYSTEMS 

1 . Scope 

1.1 This standard defines configurations, service conditions, rated values and 
performances, characteristic requirements, marking and labelling, sampling and 
criteria for conformity and testing for the uninterruptible power systems. 

1.2 This standard covers single phase uninterruptible power systems of output 
power not exceeding 75 kVA per single UPS unit and three phase 
uninterruptible power systems of output power not exceeding 1000 kVA per 
single UPS unit. 

1.3 This standard covers only the uninterruptible power systems which are 
designed for electronically converting a. c. supply and capable of storing 
converted d.c. power for use in supplying load, either single or three phase, with 
regulated output voltage and frequency. 

2. Definitions 

The meaning of terms used in this standard are as follows; 

2.1 Short-circuit Output Current means the current which flows from the UPS into 
zero impedance load. 

2.2 Inrush or inrush current means a current higher than its steady state value 
drawn by a device when energized or activated. 

2.3 Walk-in means a controlled power increase by the UPS from the ac input into 
the UPS. 

2.4 Burn-in means the operation of units or systems prior to their ultimate 
application intended to stabilize their characteristics and to identify early 
failures. 

2.5 Load Sharing means the simultaneous supplying of power to a load from two or 
more sources. 

2.6 Variation means the change in the value of a quantity from its mean or typical 
value. 

2.7 Frequency Modulation means the cyclic or random dynamic variation, or both, 
of instantaneous frequency about a mean frequency during steady-state electric 
system operation. 

2.8 Periodic Output Voltage Modulation means the cyclic or random dynamic 
variation or both of instantaneous voltage about a mean voltage during steady 
state operation. 

2.9 Electromagnetic Interference means unwanted radiated or conducted electric 
noise, or both. 

2.10 Bypass Power means alternating-current power supplied from an ac input to the 
ac output via a bypass. 
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2.11 Apparent Power means the product of the root-mean-square current and the 
root-mean- square voltage. 

2.12 Standby Power means the power intended to replace prime power in case of 
prime power failure. 

2.13 Prime Power means the power normally continuously available which is usually 
supplied by electrical utility company but sometimes by the user's own 
generation. 

2.14 Redundancy means the existence of more than one means for performing a 
given function. 

2.15 Harmonic Distortion means distortion characterized by the appearances of 
harmonics in addition to other than the fundamental component. 

2.16 Total Harmonic Distortion means the ratio of the root-mean-square (rms) value 
of all the harmonics to the root-mean-square (rms) value of the fundamental 
usually expressed in percent. 

2.17 Fault Current Availability means the current flow that can flow as result of a 
zero impedance fault. 

2.18 DC Link means the direct-current power interconnection between rectifier or 
rectifier/charger and inverter functional units. 

2.19 Synchronization means a means by which to achieve the state of synchronism. 
(The state where ac systems, operate at the same frequency and where the 
phase-angle displacements between voltages are constant.) 

2.20 Displacement Factor means the displacement component of power factor; the 
ratio of the real power of the fundamental wave to the apparent power of the 
fundamental wave. 

2.21 Electronic Power Converter means an electronic device for changing power in 
one of the following ways : 

AC/DC power converters 
DC/AC power converters 
AC/AC power converters 
DC/DC power converters 

as used in such applications as : 
Cathodic protection 
Communication battery chargers 
Communication power supplies 
Computer power systems 
Electric traction converter substations 
Electric utility battery chargers 
Electrochemical Systems 
Frequency converters 
General purpose industrial power supplies 
High Voltage DC Systems 
Induction and dielectric heater power supplies 
Laboratory power supplies 
Mining rectifiers 
Photo-voltaic power supplies 
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Uninterruptible power systems 
Static Var Systems 

2.22 Duty class I Converter means a converter designed to operate continuously at 
100 percent of rated current . 

2.23 Duty class II Converter means a converter designed to operate continuously at 
100 percent rated current and for at least one minute at 150 percent of rated 
current 

2.24 Duty class III Converter means a converter designed to operate continuously at 
100 percent rated current, for at least two minutes at 150 percent of rated 
current and for at least ten seconds at 200 percent of rated current 

2.25 Duty class IV Converter means a converter designed to operate continuously at 
100 percent rated current, for at least two hours at 150 percent of rated current 
and for at least ten seconds at 200 percent of rated current 

2.26 Duty class V Converter means a converter designed to operate continuously at 
100 percent rated current, for at least two hour at 150 percent of rated current 
and for at least ten seconds at 200 percent of rated current 

2.27 Duty class VI Converter means a converter designed to operate continuously at 
100 percent rated current, for at least two hour at 150 percent of rated current 
and for at least one minute at 300 percent of rated current 

2.28 Inverter means an electronic converter used to convert direct current to 
alternating current. 

2.29 Bypass means a power path around one or more functional units of a UPS. 

2.30 Phase Angle means the angle (usually expressed in electrical degrees) 
between reference points on one or more ac wave forms. 

2.31 Uninterruptible Power Systems (UPS) means a device which provides quality 
and continuity of an ac power source. All UPS shall maintain some specified 
degree of continuity of load power for a specified stored energy time upon AC 
input failure. 

2.32 Energy Storage System means a system consisting of single or multiple 
devices designed to provide the required stored energy time. 

2.33 Stored Energy Time means the minimum time that the UPS will provide 
continuity of load power (under specified service conditions starting with a fully 
charged energy storage means) in the absence of ac input power. 

2.34 Load Transfer Time means the time required for the transfer of the load from 
one power source to another. 

2.35 Restored Energy Time means the time required by the energy storage means 
of the UPS to be charged to provide a second rated stored energy time after 
providing rated stored energy time. 

2.36 Recovery Time means the time interval between a change in a parameter and 
when the stabilized value of the parameter returns to and stays within the 
steady state tolerance. 

2.37 Electronic Power Switch means an electronic device which can be controlled to 
interconnect power circuits. 

2.38 Transfer Switch means a switch used to transfer a load from one power source 
to another. 

2.39 UPS Switch means a switch (electronic or mechanical, depending on required 
continuity of power) used to connect, interrupt, isolate, or transfer power flow 
within a UPS. 
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2.40 Step Load means the instantaneous addition or removal of electrical loads to a 
power source. 

2.41 Critical Load means the load needed to be continuously supplied with rated 
power. 

2.42 Input Impedance means the impedance at the input terminals of the UPS with 
the UPS disconnected. 

2.43 Output Impedance means the impedance presented by the UPS output 
terminals to a load. 

2.44 Harmonic means an alternating voltage or current wave having a frequency that 
is an integral multiple of the fundamental frequency. 

3. Configurations 

Uninterruptible Power Systems, which will be called UPS herein are classified into 3 
configurations, i.e. Single UPS unit, Parallel Configuration for Capacity and 
Redundant UPS 

3.1 Single UPS unit 

is the simplest configuration consisting of the following functions; 

a rectifier/charger 

an inverter and 

a battery. 
These functional units shall be dedicated to the UPS unit. 
The configuration of Single UPS units are as follows 

3.1.1 Single UPS unit with Rectifier/Charger, Inverter and Battery 

As shown in Figure 1. 

The inverter shall be characterized by its ability to supply the power to the load 
and shall take its power from either the ac input via the rectifier/charger or from 
the battery. 

When the ac input fails, the battery shall provide energy to the inverter to 
maintain a continuity of load power. The capacity of the battery determines the 
length of time the system can operate without an ac input supply. 

Frequencies, number of phase and voltage levels on input and output can be 
different. 
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Figure 1 Single UPS unit with Rectifier/Charger, Inverter and Battery 

(Clause 3.1.1) 

3.1 .2 Single UPS unit with separate Battery Charger 

As shown in Figure 2 

A separate rectifier and battery charger shall replace Rectifier/Charger inthe 

configuration of 3.1.1. 

The rectifier shall provide load power to the inverter. The battery charger 

shall be controlled to recharge and maintain the battery in a charged 

condition. A blocking device (diode, thyristor, or switch) shall be used 

between the battery and the dc link. 
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Note * Input ac currents may be supplied from different sources. 

Figure 2 Single UPS unit with separate Battery Charger 

(Clause 3.1.2) 

3.1 .3 Single UPS unit With Combined Battery Charger 

All three configulations of Single UPS unit above are similarly simplified in 
Figure 3 
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Figure 3 Simplified symbol for UPS unit 
(Clause 3.1.3) 

3.1 .4 Single UPS unit with the addition of a bypass and transfer switch 

As shown in Figure 4. 

This configuration operate with either the UPS unit or the bypass as the 
primary source of power. The electrical characteristics of the bypass shall be 
compatible with the UPS ac output. 
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Note * Input ac currents may be supplied from different sources. 

Figure 4 Single UPS unit with the addition of a bypass and transfer switch 

(Clause 3.1.4) 

3.1.4.1 UPS unit Primary 

In the UPS unit-primary mode, the primary state of the transfer switch 
selects the UPS unit to power the load. The alternate state of the 
transfer switch selects the bypass. 

3.1.4.2 Bypass Primary 

In the bypass primary load, the primary state of the transfer switch 
selects the bypass to power the load. The alternate state of the 
bypass switch selects the UPS units. 

Parallel Configurations for Capacity 

If more power is required, some single UPS units shall be parallel and treated 
as one single UPS. The ac output of the individual UPS units shall be 
connected to a common point. 

Parallel Configurations for Capacity may be configured as follows 
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3.2.1 Parallel UPS 



This consist of Single UPS units connecting in parallel as shown in Figure 5 
Note * Input ac currents may be supplied from different sources. 
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Figure 5 Parallel UPS 
(Clause 3.2.1 and 3.2.4) 

3.2.2 Parallel UPS with Single Battery 

This consist of paralleling Rectifier/Chargers and equal Converters with their 
dc links connecting to a single battery as shown in Figure 6. 
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Note * Input ac currents may be supplied from different sources. 

Figure 6 Parallel UPS with Single Battery 
(Clause 3.2.2 and 3.2.4) 

3.2.3 Partial Parallel UPS 

This consists of an unequal combination of inverters and rectifier/charger in 
parallel with a common dc link and battery. An example is shown in Figure 7. 
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Figure 7 Example of Partial Parallel UPS 
(Clause 3.2.3 and 3.2.4) 



8/32 



G/TBT/Notif.00.508 



3.2.4 Parallel UPS With Bypass and Transfer Switch 

This consists of the UPS configurations of Figures 5, 6, or 7 operate as a 
single UPS with the addition of a bypass and transfer switch and is shown 
in Figure 8. 
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Note * Input ac currents may be supplied from different sources. 

Figure 8 Parallel UPS With Bypass and Transfer Switch 

(Clause 3.2.4) 

3.3 Redundant UPS 

The need for system redundancy is dependent upon the load requirement. 

3.3.1 Parallel Configurations for Redundant UPS 

3.3.1.1 Parallel Redundant UPS 

The redundant UPS configuration as shown in Figure 9 shall be 
characterized by a number of parallel UPS units supplying the load 
current. If one UPS unit is disconnected from the system, the remaining 
UPS unit(s) shall maintain the continuity of load power. If one UPS unit 
fails, it shall be isolated by the UPS switch function to prevent it from 
interfering with the other UPS unit(s) in order to maintain the continuity of 
load power. 
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Note * Input ac currents may be supplied from different sources. 

Figure 9 Parallel Redundant UPS 
(Clause 3.3.1.1 and 3.3.1.4) 

3.3.1.2 Parallel Redundant UPS With Common DC Link (Single Battery) 

The parallel redundant UPS configuration with single battery as shown in 
Figure 10 is characterized by a number of parallel rectifier and inverter 
functional units supplying the load current. 

If one rectifier/charger on inverter functional unit is disconnected from the 
system, the remaining functional units shall maintain continuity of load 
power. 

If one functional unit fails it shall be isolated from interfering with the 
other functional units in order to maintain continuity of load power. 
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Note * Input ac currents may be supplied from different sources. 

Figure 10 Parallel Redundant UPS With Common DC Link (Single Battery) 

(Clause 3.3.1.2 and 3.3.1.4) 

3.3.1.3 Partial Parallel Redundant UPS 

The partial parallel redundant UPS as shown in Figure 11 is 
characterized by an unequal combination of two or more 
rectifiers/chargers or inverter with a single battery. 

If one rectifier/charger on inverter functional unit is disconnected from the 
system, the remaining functional units shall maintain continuity of load 
power. 

If one functional unit fails it shall be isolated from interfering with the 
other functional units in order to maintain continuity of load power. 
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Note * Input ac currents may be supplied from different sources. 

Figure11 Partial Parallel Redundant UPS 
(Clause 3.3.1.3 and 3.3.1.4) 

3.3.1.4 Parallel Redundant UPS with Bypass and Transfer Switch 

This consists of parallel redundant UPS configuration of Figure 9 10 or 
1 1 and addition of a bypass and transfer switch as shown in Figure 12. 
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Note * Input ac currents may be supplied from different sources. 

Figure 12 Parallel Redundant UPS With Bypass and Transfer Switch 

(Clause 3.3.1.4) 

3.3.2 Standby Configurations for Redundant UPS 

3.3.2.1 Standby Redundant UPS 

The standby redundant UPS units are comprised of two UPS units and 
a transfer switch as shown in Figure 13. 
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Upon failure of the operating UPS unit, the standby UPS unit shall be 
selected by the transfer switch to maintain continuity of power. 
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Note * Input ac currents may be supplied from different sources. 

Figure 13 Standby Redundant UPS 
(Clause 3.3.2.1 and 3.3.2.3) 

3.3.2.2 Standby Redundant UPS with Common dc link and Single battery 

The standby redundant UPS with common dc link and single battery is 
shown in Figure 14 and is characterized by two functional UPS 
rectifier/charger units and two functional inverter units with a common 
dc link (single battery and transfer switch). 
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Note * Input ac currents may be supplied from different sources. 
Figure 14 Standby Redundant UPS with Common dc Link and Single Battery 



3.3.2.3 Standby Redundant UPS With Bypass and Transfer Switch 
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The standby redundant UPS is shown in Figure 15. This consists of 
Standby Redundant UPS configuration of Figure 13 or 14 and addition 
of a bypass and transfer switch. 
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Figure 15 Standby Redundant UPS With Bypass and Transfer Switch 

(Clause 3.3.2.3) 

4. Service Conditions 

4.1 Unusual service conditions may have some damaging effect on the 
uninterruptible power systems (UPS). Such effect depends upon the degree of 
departure from usual operating conditions and the severity of the environment 
to which the UPS is exposed. Of principal concern are unusual service 
conditions which may cause abnormal deterioration of the insulation system, 
electrical breakdown or mechanical wear, resulting in premature failure. The 
manufacturer of the UPS should be consulted for further information regarding 
any unusual service conditions. 

4.2 Usual Service Conditions (Excluding Batteries) 

An uninterruptible power system shall be capable of operating under the 
following conditions; 

4.2.1 The ambient air temperature is 27 +13/-17 ° C 

If liquid coolant is used, the required temperature, pressure flow, and 
quality shall be indicated by the manufacturer. 

4.2.2 The humidity does not exceed 95 percent without condensation. 

4.2.3 The altitude does not exceed 1000 meters above sea level. 

4.2.4 The input alternating voltage range is ± 10 percent of nominal voltage 
whereas the charger shall be able to charge the battery at rated current. 

4.2.5 The ac line input frequency is ± 2 percent of nominal frequency. 

4.2.6 Harmonics on the input alternating voltage supply do not exceed the 
following items : 

4.2.6.1 Total harmonic distortion shall not exceed 10 percent. 
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4.2.6.2 Harmonics components shall not exceed values given in the maximum 
harmonic component of Figure 16. 
n = order of harmonic component 
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Fig 16 Maximum Harmonics components of the input ac voltage 

(Clause 4.2.6.2) 

4.3 Unusual Service Conditions 

User and manufacturer shall make a special agreement in case of any service 
conditions differing from Clause 4.2, for example; 

4.3.1 Damaging fumes 

4.3.2 Excessive moisture or dust 

4.3.3 Very dirty, corrosive, explosive, or abrasive environments 

4.3.4 Abrasive or conducting dust or both 

4.3.5 Rain, steam, or oil vapor 

4.3.6 Chemical fumes or flammable gases 

4.3.7 Combustible mixture of dusts or gases 

4.3.8 Salt air conditions 

4.3.9 Severe weather or dripping water conditions 

4.3.10 Extreme or sudden changes in temperature 

4.3.1 1 Strong electromagnetic or Radio Frequency Interference fields or both 

4.3.12 Radioactive levels above those of the natural background 

4.3.13 Insects or vermin infestation or atmosphere conducive to growth of fungus 

4.3.14 Restriction of ventilation 

4.3.15 High radiated or conducted heat from other sources 

4.3.16 Cooling liquid containing acid or impurities which may cause excessive 
scale, sludge, electrolysis or corrosion of the converter parts exposed to the 
liquid coolant 

4.3.17 Continuous average relative humidity above 95 percent or below 10 percent 

4.3.18 Abnormal shock or vibration 
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4.3.19 Nuclear radiation 

4.3.20 Altitudes over 1000 meters above sea level. 

4.4 Unusual Electrical Conditions 

In case where electrical conditions differ from Clause 4.2, user and 
manufacturer shall make special agreement individually on the following 
conditions; 

4.4.1 The voltages in excess of tolerances given in Clause 4.2.4 

4.4.2 The frequency in excess of tolerances given in Clause 4.2.5 

4.4.3 The superimposed high frequency voltages 

4.4.4 The voltage harmonics in excess of tolerances given in Clause 4.2.6 

4.4.5 The transient voltages or other electrical noise such as that caused by 
lightning or capacitive or inductive switching 

4.4.6 The maximum fault current availability. 

5 Rated Values and Performance 

5.1 The rated values for an UPS shall be regarded as those which describe 
operation under specified service conditions. (See Section 4). An UPS shall 
have its rating expressed in terms of both maximum continuous apparent 
power and maximum continuous real power available for linear loads. The 
power factor range over which the maximum rated apparent power is available 
and the specific power rating at unity power factor shall also be provided. 
These rated values shall apply to power available at the UPS output terminals. 
UPS rating selections are based on user's critical load requirements and the 
available UPS rating in the industry. Equipment manufacturers should be 
consulted on the available ratings prior to sizing decisions. 

Typical UPS output ratings for single phase applications range from 0.1 to 75 
KVA and for three phase applications from 15 to 1000 KVA. Multiples of these 
ratings should be used to assemble larger rating systems. 

5.2 Values and Characteristics 

5.2.1 Single UPS Unit 

The manufacturer shall specify the following rated values and characteristics 
for a single UPS unit: 

5.2.1.1 Input Related Values Under Nominal Conditions 

(1) Nominal ac input voltage, tolerance, phase and configuration 

(2) Nominal ac input frequency and tolerance 

(3) Nominal rms input current at rated output power 

(4) Induced input total harmonic current content as a percentage of 
input rated current 

(5) In-rush current and duration 

(6) Maximum fault interrupting or withstand capability, or both, of circuit 
interrupting devices in the UPS that is, breakers, switches, fuses 
and so forth that can be subjected to available fault currents at any 
UPS terminals. 
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(7) Maximum rms input current during battery charge at rated output 
power (excluding inrush and duration) 

(8) Maximum rms input current (excluding inrush) 

(9) Input power factor at rated output power 

(10) Input displacement factor at rated output power 

(11) Input walk-in characteristics 

5.2.1.2 Output Related Values Under Nominal Conditions 

(1) Nominal ac output voltage, tolerance phase and configuration 
including: 

a. Output voltage adjustment range 

b. Output voltage regulation under specified conditions 

(2) Nominal ac output frequency and tolerance 

(3) Nominal rms ac output current at rated output 

(4) Maximum total harmonic distortion and maximum single harmonic 
distortion of the output voltage under specified conditions 

(5) Output phase angle displacement tolerance under specified 
conditions (in case of three phase) 

(6) Maximum permissible load unbalance 

(7) Voltage deviation and recovery time for a step change in load 
current under specified conditions 

(8) UPS output fault current availability 

(9) Rate of change of output frequency 

5.2.1.3 Energy Storage Related Values Under Nominal Conditions 

(1) The stored energy time under specified conditions 

(2) Restored energy time under specified conditions 

5.2.1.4 Power Related Values Under Nominal Conditions 

(1 ) Rated power output expressed in volt-amperes and watts 

(2) Overall and Inverter efficiency for rated output load under specified 
conditions 

(3) Calculated heat losses in Watt (BTU/hr) at rated load (without 
battery charging) 

(4) The overload rating expressed by the ratio of overload to rated 
output load under specified conditions 

(5) Load power factor range at rated apparent power 

5.2.2 Other Configurations 

In addition to values and characteristics of UPS unit in Clause 5.2.1, the 
following rated values and characteristics shall be provided by the UPS 
manufacturer for the configuration of UPS other than single UPS unit. 

5.2.2.1 The total number of UPS units being utilized 

5.2.2.2 The continuous output rating under specified conditions 

5.2.2.3 All rated values and characteristics of each configuration used. 

5.2.3 All Configurations With a Transfer Switch 

In addition to 5.2.1 and 5.2.2 , the following rated values and characteristics 
shall be provided for any type of UPS with a transfer switch as described in 
Section 3 ; 
5.2.3.1 Transfer switch voltage rating 
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5.2.3.2 Transfer switch current rating 

(1 ) Continuous rating if used for continuous operation 

(2) Momentary rating if used only momentarily (specify maximum 
current rating and maximum application time at that rating) 

5.2.3.3 Load transfer characteristics 

(1 ) Maximum transfer time from UPS to bypass 

(2) Maximum transfer time from bypass to UPS 

(4) Voltage, phase deviation and recovery time on transfer of rated 
load 

5.2.3.4 UPS transfer switch losses if used for continuous operation. 

6. Characteristic Requirements 

6.1 Functional Units 

6.1 .1 Rectifier and Charger 
shall comply with TIS 1293. 

6.1.2 Inverter 

shall comply with TIS 1292. 

6.1.3 UPS Switches 

6.1 .3.1 Requirements for operation of individual UPS switches : 

(1) Dielectric strength of Insulation and voltage withstand 

Dielectric strength of Insulation and voltage withstand of UPS switch 
shall be appropiate that flashover and breakdown do not occur. 
Tests shall be performed according to IEC 146 (1973) Sub-clause 
492.1 

(2) Auxiliary devices 

Auxiliary devices such as Contactor, Pump and Fan shall operate 

properly. 

Tests shall be performed by checking of auxiliary devices operation. 

(3) Protective devices 

Protective devices such as Fuse shall function as designed. 

Tests shall be performed by checking of protective devices 

cooperation. 

(4) Supervising and remote signaling circuits 

Supervising and remote signaling circuits shall function as designed. 
Tests shall be performed by checking of operation against 
manufacturer's specification 

(5) Measuring devices 

Measuring devices shall function as designed. 

Tests shall be performed by checking of operation against 

manufacturer's specification. 

(6) Light load transfer 

UPS switch shall be capable of transfering Light Load as designed. 
Tests shall be performed by checking of operation against 
manufacturer's specification. 

6.1.3.2 Requirements for additional test of UPS switches in a complete UPS. 
(1) Complete Functioning 

UPS switches shall operate properly of all function designed such as 
load make and brake. 
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Tests shall be performed by checking of operation against 
manufacturer's specification. 

(2) Transfer Time 

UPS Switch Transfer Time shall be in accordance with the specified 

period. 

Tests shall be performed by checking of transfer characteristic. 

(3) Loading and Temperature Rise 
(3.1) Transformer 

Temperature rise of transformer coil shalll not exceed limits 

specified in Table 1 . 

Tests shall be performed according to IEC 146(1973) Clause 

343 
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Table 1 Temperature rise of transformer winding 

(Clause 6.1.3.2(3.1)) 



Converter 
Duty class 


Transformer cooling 
medium 


Categories of 
insulation 1 


Limits of temperature 
rise of transformer 

winding 
in Degree Celsius 


I and H 


Air 


A 
B 
H 


60 
80 
125 


Oil 


A 


65 


III 


Air 


A 
B 
H 


55 
70 
110 


Oil 


A 


65 


IV 


Air 


A 
B 
H 


50 
65 
100 


Oil 


A 


60 


V 


Air 


A 
B 
H 


45 
60 
90 


Oil 


A 


50 


V 


Air 


A 
B 
H 


40 
55 
85 




Oil 


A 


50 



Note 1 1 ) means insulation categories specified in TIS 416 

2 Temperature Rise in Table 1. is given for ambient temperature of 40 
Degree Celsius. In case of transformer ambient temperature exceed 40 
Degree Celsius, the Temperature Rise of that given value in the Table 
minus that excess over 40 shall be used as the limit instead. 

(3.2) Semiconductor devices 

Temperature rise measured on semiconductor devices shall 

not exceed their maximum operating temperature limits. 

Tests shall be performed according to IEC 146(1973) Clause 

A3. 14 
(4) Short-time overload 

Overload capability in specified period shall not less than 
manufacturer's specification. 

Tests shall be performed according to IEC 146-2 (1974) Clause 5.9 
(5) Interconnecting cable 

shall be correctly and orderly wired and suitable for application. 
Tests shall be performed according to Clause 9.4.7 



(6) Light load 

UPS Switch shall operate properly in all functions. 
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Tests shall be performed according to Clause 9.4.8 
(7) Full load 

UPS Switch shall be capable of operating correctly in all function at 

full load. 

Tests shall be performed according to Clause 9.4.9 
(8) Short Circuit Capability 

UPS Switch shall withstand Short Circuit current, in both load making 

and load breaking stage, as specified by manufacturer. 

Tests shall be performed according to Clause 9.4.10 

(9) Overvoltage 

UPS Switch shall withstand overvoltage as specified by manufacturer. 
Tests shall be performed according to Clause 9.4.11 

(10) Load transfer 

UPS Switch shall be capable of transfering load as specified by 

manufacturer. 

Tests shall be performed according to Clause 9.4.12 

6.1.4 Monitoring and Control_Equipment 

6.1.4.1 Dielectric strength and Voltage Withstand 

Dielectric strength of Insulation and Voltage Withstand of monitoring 
and Control Equipment shall be appropriate that flashover and 
breakdown do not occur. 
Tests shall be performed according to IEC 146(1973) Clause 492.1 

6.1.4.2 Electrical circuits 

Electrical circuits shall be orderly arranged. 
Tests shall be performed by visual inspection. 

6.1.4.3 Operation controls 

Operation controls shall function as designed. 
Tests shall be performed by visual inspection and manual operation. 
Note Type testing shall not require this tests. 

6.1.5 Batteries 

shall be in accordance with manufacturer' specification. 

Test shall be performed by measuring stored energy discharge time of 

batteries after complete installation on site (see Clause 6.2.14 and 

6.2.15). 

6.2 UPS 

6.2.1 Light Load Test 

UPS shall be correctly connected and operate properly in all function. 
Tests shall be performed according to Clause 9.4.1. 

6.2.2 Auxiliary Device(s) Test 

Auxiliary devices such as lighting, cooling, pumps, fans, annunciators shall 
function fairly well. 

Test shall be performed by verifying their operation in conjunction with the 
light load test or during another test if it is more convenient. 



6.2.3 Synchronization Test 

When synchronization to an external source is required, frequency 
variation limits shall not exceed specified value required for 
Synchronization. 
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Test shall be performed by use of a variable frequency generator or by 
simulation of circuit conditions. 

Note This test may be performed during another test if it is more 
convenient. 

6.2.4 Rate of Output Frequency Change Test 

Rate of change of output frequency shall not exceed specified value. 
Test shall be performed by measuring rate of change of output frequency. 

6.2.5 AC Input Failure Test 

When the input AC current fails, output voltage variations and frequency 

variation shall conform to specified values. 

Tests shall be performed according to Clause 9.4.2. 

6.2.6 AC Input Return Test 

When AC input current return, all UPS rectifier shall operate properly and 
walk-in shall be in accordance with specified characteristic. AC output 
voltage and frequency shall be within the specified values. 
Tests shall be performed according to Clause 9.4.3. 

6.2.7 Simulation of Fault Test ( For Parallel Redundant UPS with common DC 
link ( Single battery)) 

Faults of functional units or UPS units, or both, shall not cause output 
transients to exceed specified limit. 

Test shall be performed by simulate faults of functional units or UPS units, 
or both, and observe output transient. 

6.2.8 Transfer Test (UPS with Bypass and Transfer Switch or Standby 
Redundant UPS ) 

UPS with Bypass and Transfer Switch or Standby Redundant UPS shall 
have the characteristics listed in 5.2.3 as applicable. 
Test shall be performed by verifying those characteristics. 

6.2.9 Full Load Test 

UPS shall be capable of supplying full rated load. 
Tests shall be performed according to Clause 9.4.4. 

6.2.10 UPS Efficiency Test 

UPS efficiency shall be in accordancewith to the manufacturer's 

specification. 

Test shall be performed by measuring real power input and output of UPS 

or derived from individual UPS unit testing results. 

The measurement shall be performed on battery fullly charged condition 

6.2.11 Unbalanced Load Test 

When apply unbalanced loads to the UPS or UPS units, the unbalance 
voltage and phase angle shall be in accordance with the manufacturer's 
specification . 

Test shall be performed by measuring of phase angle. Phase deviations 
shall be calculated from the values of phase-to-phase and phase-to- 
neutral voltages. 



6.2.12 Output Voltage Balance and Phase Tests 

Under symmetrical load conditions, output voltage shall be in balance. 

Phase angle deviations shall be in accordance with the manufacturer's 

specification. 

Tests shall be performed according to IEC 146-2 (1974) Clause 5.12 
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6.2.13 Current Division in Parallel or Parallel Redundant UPS Test 

Current Division in the parallel or parallel redundant UPS units or 

functional units shall be in accordance with the manufacturer's 

specification 

Test shall be performed by measuring currents with either a simulated or 

actual load. 

6.2.14 Stored Energy Time Test 

Stored Energy Time shall be in accordance with the manufacturer's 

specification. 

Tests shall be performed according to Clause 9.4.5. 

6.2.15 Restored Energy Time Test 

Restored Energy Time shall be in accordance with the manufacturer's 

specification. 

Test shall be performed by repeating the stored energy time test 

according to Clause 9.4.5. Restored Energy Time shall be the charging 

period to recover Stored Energy Time as described in 9.4.5. 

6.2.16 Overload Capability Test 

Overload Capability shall be in accordance with the manufacturer's 

specification 

Test shall be performed by applying sequential overloads at specified time 

interval. Values of voltage and current shall be observed. 

6.2.17 Short Circuit Test 

When a short circuit is applied to the UPS output, UPS shall be in 
accordance with the manufacturer's specification 
Tests shall be performed according to Clause 9.4.6. 

6.2.18 Restart Test 

Automatic or other restart means shall be capable to operate after a 

complete shutdown of UPS. 

Tests shall be performed according to IEC 146-2 (1974) Clause 5.11 

6.2.19 Radio Frequency Interference and Conducted Noise Tests 

6.2.19.1 Radio frequency interference of ups at rated load shall not exceed 
values specified in Table 2. 
Tests shall be performed according to CISPR 1 1 . 
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Table 2 Radio Frequency Interference 

(Clause 6.2.19.1) 


Frequency 
Range 

Megahertz 


Test site measurement 

Radio Frequency 

Interference at measuring 

distance of 10 metres 

dB(|W/m) 


Installation site measurement 

Radio Frequency Interference 

at measuring distance of 30 

metres from outside wall of the 

building 

dB((iV/m) 


0.15-30 


Depend upon related parties 


Depend upon related parties 


30 -230 


30 


30 


230-1000 


37 


37 



6.2.19.2 Conducted noise of UPS output at rated load shall not exceed values 
specified in Table 3. 
Tests shall be performed according to CISPR 11. 

Table 3 Conducted Noise of UPS output 

(Clause 6.2.19.2) 



Frequency range 
Megahertz 


Conducted Noise 
dB( (iV/m) 


Quasi-Peak 


Average 


0.15 - 0.50 


Decrease linearly with 

the Logarithm scale of 

the frequency from 66 to 56 


Decrease linearly with 

the Logarithm scale of 

the frequency from 56 to 46 


0.50 - 5 


56 


46 


5 - 50 


60 


50 



Note Conformance to required Leakage current characteristic shall be 
maintained. 

6.2.20 Harmonic Components Test 

Harmonic components of output voltage under rated linear load shall not 
exceed value specified by manufacturer.conditions. 
Test shall be performed by measuring . 

6.2.21 Audible Noise Test 

Audible noise of UPS at rated load shall depend on agreement of 
purchaser and Manufacturer. 

Test shall be performed according to ANSI S1 .2-1 971, Method for 
Physical Measurement of Sound, using a sound level meter conforming to 
the requirements of ANSI S1 .4-1 971 or equivalent. 

6.2.22 Surge Withstand Capability Test 
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The ac input and ac output terminals of the UPS shall withstand the Surge 

Voltage. 

Test shall be performed according to ANSI/IEEE C 37.90.1, Surge 

Withstand Capability (SWC) Test The UPS shall then be checked for 

proper operation. 

7. Markings and Labelings 

7.1 On UPS of all configurations 

7.1.1 The following minimum information, which may be number, letters or 
marks and shall be readily visible, dictinct and permanently affixed, shall 
be provided; 

(1) " Uninterruptible Power System" or" UPS" 

(2) Configuration 

(3) Model designation 

(4) Serial number or control number 

(5) Rated input voltage in Volt and phase configuration 

(6) Rated input frequency in Hertz 

(7) Rated ac input current in Ampere 

(8) Rated dc output voltage in Volt 

(9) Rated output frequency in Hertz 

(10) Rated ac output current in Ampere 

(11) Weight in Kilogram 

(1 2) Name of manufacturer or factory or Registered trade mark 

(13) Name of original country 

7.1.2 The following information shall be an agreement to be optional; 

(1 ) Rated dc voltage in volt 

(2) Rated dc current in Ampere 

(3) Rated ac output power in Voltampere 

Should foreign language is used, the meaning shall correspond with those 
above. 

7.2 On packing of each UPS , the following minimum information, which may be 
number, letters or marks and shall be readily visible, distinct and permanently 
affixed, shall be provided; 

(1) " Uninterruptible Power System" or " UPS" 

(2) Configuration 

(3) Weight in Kilogram 

7.3 The manufacturer shall provide technical instruction to include the details 
specified in Clause 5.2 

For configuration with bypass, technical instruction shall specify UPS unit- 
primary mode or bypass-primary mode. 

7.4 Terminal markings 

User connectors shall be identified by readily visible, distinct and permanent 
marking to permit proper connection. 

7.5 On UPS of all configurations, the following Thai or English precautionary 
labeling or tag or its equivalent warning personel against hazards shall be 
placed. 



Warning 
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Electric shock can kill 
Read and understand the manufacturer's instruction and safety practices. 

Do not remove this label 



7.6.1 The manufacturer, whose UPS conforming to this standard, is able to display 
theThai Industrial Standards Mark on the product only after being granted the 
licence from the Thai Industrial Standards Council. 

8. Sampling and Criteria 

Sampling and criteria shall be in accordance to the following sampling plan or 
its technical equivalent; 

8.1 Sampling and Criteria for Type Test; 

8.1.1 Sampling 

Random Sample of one UPS shall be selected. 

8.1.2 Criteria 

The UPS model of which testing sample completely meet Clause 4. Clause 
5. and Clause 6. shall be presumed conforming to this standard. 

8.2 Sampling and Criteria for Approval Test 

8.2.1 Batch means UPS of the same configuration and model, equal rated output 
power, similar characteristics classifying in Clause 5.2 and the same 
factory. 

8.2.2 Sampling 

Random samples with amount specified in Table 4 shall be selected from 
the same batch. 

Table 4. Sampling plan for Approval Test 

(Clause 8.2.2 and 8.2.3) 



Batch size 
system 


Sample size 
system 


Acceptance number 


Up to 150 
Over 150 


3 
13 



1 



8.2.3 Criteria 

The UPS batch of which non conforming testing samples against Clause 4. 
Clause 5. and Clause 6. do not exceed acceptance number specified in 
Table 4. shall be presumed to be conforming to this standard. 
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9. Tests 

9.1 Type Test 

9.1 .1 Functional unit tests (excluding rectifier charger and inverter) 
9.1.1.1 UPS switch tests 

UPS switches which are regarded as integrated parts of a complete 
UPS and are matched to the requirements of the UPS are not tested 
separately as described in this clause but the UPS shall be tested in 
accordance to Clause 9.1 .2. 

Type Test is performed to prove that the design of UPS switch meet 
the requirements of this standard and consists of the following tests; 

(1) Insulation resistivity and voltage withstand Tests 

(2) Auxiliary devices Test 

(3) Protective devices Test 

(4) Supervisory and remote signalling circuits Tests 

(5) Measuring devices Test 

(6) Light load transfer Test 

(7) Interconnecting cable Check 

(8) Light load Test 

(9) Full load Test (see IEC 146-2(1974) Clause 5.5) 

(10) Short circuit current capability : in making stage 

(1 1 ) Short circuit current capability : in breaking stage 

(12) Overvolage : circuit repetitive peak off-stage voltage 

(13) Overvolage : circuit nonrepetitive peak off-stage voltage 
Transfer time 



9.1.2 



(14) 
UPS tests 

Type Test is performed to prove that the design of UPS meet the 
requirements of this standard and consists of the following tests; 



(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10 
(11 
(12 
(13 
(14 
(15 
(16 
(17 
(18 
(19 
(20 
(21 



Light load test 

Auxiliary devices test 

Syncronization test 

AC input failure test 

AC input return test 

Simulation of parallel redundant UPS fault Test 

Transfer test 

Full load test 

UPS efficiency test 

Unbalanced load test 

Output voltage balance and phase Tests 

Current division in Parallel or Parallel Redundant UPS Test 

Stored energy time Test 

Restored Energy time Test 

Overload capabilityTest 

Short circuit test 

Restart test 

Radio frequency interference and Conducted noise Tests 

Harmonic components Test 

Audible noise test 

Surge withstand capabilty Test 



9.2 Approval Test 
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9.2.1 Functional unit tests ( excluding rectifier charger and inverter) 
9.2.1.1 UPS switch tests 

UPS switches which are regarded as integrated parts of a complete UPS 
and are matched to the requirements of the UPS are not tested 
separately as described in this clause but the UPS shall be tested in 
accordance to Clause 9.2.2. 

Approval Test is performed, on the sample from batch of UPS model 
fulfilling with Type Test, to prove that the UPS switch remains to meet 
the requirements of this standard and consists of the following tests; 



(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 



Dielectric strength and Voltage withstand Tests 

Auxiliary devices Test 

Protective devices Test 

Supervisory and Remote signalling circuits Tests 

Measuring devices Test 

Light load transfer Test 

Connecting cord Check 

Light load Test 

Full load Test (see IEC 146-2(1974) Clause 5.5) 

(10) Short circuit current capability : in making stage 

(1 1 ) Short circuit current capability : in breaking stage 

(12) Overvoltage : circuit repetitive peak off-stage voltage 

(13) Transfer time 

9.2.1.2 Monitoring and control equipment tests 
Consist of the following tests; 

(1 ) Dielectric strength and Voltage withstand 

(2) Checking of electrical circuits 

(3) Checking of operational controls 

9.2.1.3 Battery tests 

Consists of the following tests; 

(1) On-site testing of discharging characterictics ( see Clause 6.2.14 and 
Clause 6.2.15) 
9.2.2 UPS tests 

Approval Test is performed, on the sample from batch of UPS model fulfilling 
with Type Test, to prove that the UPS unit remains to meet the requirements 
of this standard and consists of the following tests; 

(1) Light load test 

(2) Auxiliary devices test 

(3) Syncronization test 

(4) AC input failure test 

(5) AC input return test 

(6) Transfer test 

(7) Full load test 

(8) Stored energy time Test 

(9) Restored energy time Test 

(10) Overload capability Test 

(1 1 ) Surge withstand capability test 

9.3 Accuracy of Measuring apparatus 

Test report shall include manufacturer and model of apparatus used. Normally, 
the accuracy of the apparatus shall be within tolerance of ± 0.5 percent. 
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9.4 Test method 

9.4.1 Light load test 

Check that circuit is correctly connected and all functions operate properly. 
This test includes measuring of output voltage and frequency, checking of 
operation of all control switches and other means to put units into operation. 

9.4.2 AC input failure test 

Interrupt the ac input powers or simulate the test by switching off all 
rectifiers and bypass feeders at the same time then measure output voltage 
variations for specified limits. Measure output frequency variation at rated 
load, half rated load and no load. 

9.4.3 AC input return test 

Restore the ac input power or simulate the test by switching off all rectifiers 
and bypass feeders at the same time then observe the operation of UPS 
and measure ac output voltage and frequency at rated load, half rated load 
and no load. This test shall be performed at the end of Restored energy 
time Test. 

Note This test shall normally be performed with a battery or appropiate dc 
source. 

9.4.4 Full load capability test 

Connect load equivalent to the full rated load to the UPS output then test 
the unit characteristics according to Clause 5.2.1.2 and ensure that the 
system temperature do not exceed values specified in Clause 6.1.3.2 (3) at 
full load. 

UPS in parallel connection shall be tested by testing individual UPS unit 
separately or as a whole. 

9.4.5 Stored energy time Test 

Determine the minimum time during which the UPS will ensure continuity of 
load power starting from a fully charged energy storage stage. 
New batteries often do not provide full capacity during the initial operation 
period. If the original test has failed, the discharged tests may be repeated 
after a reasonable time. 

9.4.6 Short circuit Test 

Apply a short circuit to the UPS output without bypass then observe ; 

9.4.6.1 The operation of protective devices or circuits 

9.4.6.2 The peak short circuit 

9.4.6.3 The peak subcircuit 

9.4.6.4 The maximum output short circuit current 

9.4.6.5 The minimum output short circuit current 

Appropiate circuit protective devices, e.g. fuses, circuit breakers etc., are 
permitted to be used. 

9.4.7 Interconnecting cable Check 

Check the interconnecting cable for correct wiring , insulation and quality of 
the terminals. 

9.4.8 Light load Test 

Verify that the UPS switch is correctly connected and all functions operate 
properly. The load applied depends upon economical reasons. Check the 
following operations; 

9.4.8.1 Operation of all control switches and other means to put units into 

operation. 

9.4.8.2 Functioning of protective and warning devices. 
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9.4.8.3 Operation of remote signalling and remote control devices. 

9.4.9 Full load Test 

Connecting a resistivity load or the actual load to the UPS switch output 

then check the operation of the UPS for characteristics specified by the 

manufacturer. 

In particular case a special load can be used as agreed upon between 

manufacturer and purchaser. 

9.4.10 Short circuit current capability Test 

Apply a short circuit to UPS switch (via a suitable fuse if necessary) then 
record peak short circuit current in both making and breaking stage. 

Apart from this, appropiate apparatus shall be used to determine 1 2 1 

(each branch shall be verified in case of multi-branch) 

9.4.11 Overvoltage 

9.4.11.1 Circuit repetitive peak off-stage voltage shall be tested by increasing 
the input voltage to the rated value. 

9.4.11.2 Circuit nonrepetitive peak off-stage voltage shall be tested using 
suitable generating equipment capable of providing a peak voltage of 
no more than 2.3 time of nominal peak voltage and duration of no 
more than 1 .3 milliseconds. 

9.4.12 Transfer Test 

Measure transients during rated load transfer to an alternate source 
caused by a simulated fault and rated load retransfer after clearing of the 
fault. 
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Appendix A 
Example of UPS specification writing 

A.1 Introduction 

Due to variation of UPS application depending upon characterisics of existing or 
expecting user's load, rated values and performances of UPS for all types of 
load are not possible to be specified. This standard do not provide the exact 
numerical values for manufacturer to specifiy rated values and performances of 
UPS In Clause 5.2. 

To come into view, example of a UPS specification intended to be used with 
computer load is given as follows; 

Note All number hereafter is made for illustration and shall not be referred as 
standardized specification. 

A. 2 Example of specification 

A.2.1 UPS conforming to TIS 1291 
A. 2. 2 Single UPS unit with a bypass and transfer switch 
A.2.3 UPS unit Primary System 

A. 2.4 Input related characteristics under specified conditions are required as 
follows; 

(1) Nominal ac input voltage: 220 V ± 10 % Single Phase with Ground 
Wire 

(2) Nominal ac input frequency: 50 Hz ± 5 % 

(3) Nominal rms input current at rated output power:4.54 Ampere at 1 
kVA/0.8kW 

(4) Content of induced input total harmonic current : 5 percent of rated 
input current at minimum power supply impedance of 1 Ohm 

(5) Inrush current and duration:25 Ampere (Peak) in time constant of 0.04 
second at minimum power supply impedance of 1 Ohm 

(6) Maximum fault interrupting or Capability of withstanding to fault of 
interrupting devices ( e.g. Breaker, fuse) : 

2.5 Kiloampere for breaker rated current of 5 Ampere 

(7) Maximum rms input current during battery charging stage at rated output 
power:5.5 Ampere 

(8) Maximum rms input current ( excluding Inrush ) :8.0 Ampere 

(9) Input power factor at rated output power: 0.7 

(10) Input displacement factor at rated output power:0.85 

(11) Input walk-in characteristics:Enterfull load in 15 second 

A. 2. 5 Output related characteristics under specified conditions are required as 
follows; 

(1) Nominal ac output voltage:220 V ± 2% Single Phase with Ground 
Terminal 

Output voltage adjustment range:Unadjustable 
Output voltage regulation: ± 2 % 

(2) Nomial ac output frequency: 50 Hz ± 0.5 % 

(3) Nominal rms ac output at rated putput power:4.54 Ampere at 1 kVA / 
0.8 kW 

(4) Maximum total harmonic distortion of the output voltage: 5 % 
Maximum single harmonic distortion of the output voltage:3 % 
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(5) Voltage deviation and recovery time for a step change in load current 
Voltage deviation at transient: ± 8 percent at step load current of 50 
percent of rated output current 

Recovery time : Recover nominal voltage within 100 millisecond 

(6) Output fault current availability : 300 percent of rated output current for 
10 waveform cycles 

A. 2. 6 Energy storage related values under specified condition 

(1) Stored energy time : 15 minute at rated load 

(2) Restored energy time : Being charged to 90 percent of nominal 
capacity within 10 hour. 

A.2.7 Power related values under specified condition 

(1 ) Rated output power: 1 kVA / 0.8 kW 

(2) Efficiency 

Overall efficiency: 85 percent at rated load and 0.8 power factor 
Inverter efficiency : 90 at rated load and 0.8 power factor 

(3) Calculated heat losses at rated load(without battery charging) : 120 
Watt during fan operating 

(4) Overload rating 150 percent for 10 seconds 

(5) Load power factor range at rated apparent power 0.8 lagging to 1 . 
A. 2. 8 Transfer switch voltage rating : 250 Volt 

A. 2. 9 Transfer switch current rating 

Continuous rating : 5 Ampere 
A.2.10Maximum transfer time 

Maximum transfer time from UPS to bypass : Within 10 milliseconds 
A. 2.1 1 UPS transfer switch if used for continuous operation : 

No more than 10 Watt 
A.2.12 Audible noise : No more than 50 Decibel(A) 
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